While cocoa plants regenerated from cryopreserved somatic embryos can demonstrate high levels of 12 phenotypic variability, little is known about the sources of the observed variability. Previous studies 13 have shown that the encapsulation-dehydration cryopreservation methodology imposes no significant 14 extra mutational load since embryos carrying high levels of genetic variability are selected against 15 during protracted culture. Also, the use of secondary rather than primary somatic embryos has been 16 shown to further reduce the incidence of genetic somaclonal variation. Here, the effect of in vitro 17 conservation, cryopreservation and post-cryopreservation generation of somatic embryos on the 18 appearance of epigenetic somaclonal variation were comparatively assessed. To achieve this we 19 compared the epigenetic profiles, generated using Methylation Sensitive Amplified Polymorphisms, 20 of leaves collected from the ortet tree and from cocoa somatic embryos derived from three in vitro 21 conditions: somatic embryos, somatic embryos cryopreserved in liquid nitrogen and somatic embryos 22 generated from cryoproserved somatic embryos. Somatic embryos accumulated epigenetic changes 23 but these were less extensive than in those regenerated after storage in LN. Furthermore, the passage 24 of cryopreserved embryos through another embryogenic stage led to further increase in variation.
Introduction

33
The propagation of plant material through in vitro culture can lead to marked increases in the frequency 34 of variants [1] . These enhanced frequencies can be higher than those associated with the use of 35 mutagens [2] and have been termed somaclonal variation [3] . The nature of such variation can be 36 technique used, with methods involving a dedifferentiated callus phase expected to show higher levels EcoRI selective primer GACTGCGTACCAATTCACC Eco 7
EcoRI selective primer GACTGCGTACCAATTCACG Eco 8
EcoRI selective primer GACTGCGTACCAATTCACT All sequences are shown on the 5' to 3' orientation. 3'selective bases are highlighted in bold. * 131 indicates primers chosen for selective amplification. Next using GenAlex (v.6.4), the epigenetic variability between ortets (samples from donor plant) and 148 ramet groups (samples generated under different in vitro conditions, Table 1) 196 Overall, profiles generated using both MspI and HpaII provided a clear separation between donor plant 197 samples and all SE samples (Fig 2A) . However, the separation observed between the different ramet 198 groups was slightly clearer when using profiles from samples restricted with MspI ( Fig 2B) than with 199 HpaII (Figure2C) . PhiPT values confirmed the epigenetic variation observed between groups using 200 PCoA analysis, with groups presenting higher levels of epigenetic divergence when MspI profiles were 201 used ( Table 4 ). The largest differences between groups were detected between donor plant samples 202 and cryopreserved samples (i.e. 1h LN and Post-1h LN) whilst the lowest levels of epigenetic 203 divergence between groups were detected between both cryopreserved samples (i.e. 1h LN and Post-204 1h LN) restricted using HpaII. AMOVA analysis using 10000 permutations showed that all pairwise 205 distances were significant (P>0.0002). When PhiPT values generated from HpaII and MspI MSAP 206 profiles were taken together, Post-1h LN samples were the most epigenetically divergent from the 207 donor samples ( Fig 3A) . Analysis of epigenetic variance within groups estimated using the mean 208 SSWP showed similar levels of variability amongst donor, in vitro and Post-1h LN. However, higher 209 levels of variability were detected between 1h LN samples (mean SSWPMspI = 278) compared to both donor plant samples (mean SSWPMspI = 237) and to non-cryopreserved somatic embryos (mean 211 SSWPMspI = 229) ( Fig 3B) . 
